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The exhaust pressure against which an engine works affects the · 
amount of pumping losses, the volumetric efficiency and the rate of 
advance of the flame front during the combustion process. 
When the back pressure is decreased to the same pressure as the 
intake pressure, the amount of negative work done during the exhaust-
intake process approaches the positive work done during the process. 
It can be seen from a PV diagram that it is possible to make this 
negative work less than the positive work and gain work during the 
process. 
Because of the "15 to 30 degreesn(l) of intake valve and exhaust 
·(1} Polson, J. A., -Internal Combustion Engines, John Wiley and Sons, 
Inc., p. 388. 
valve overlap, exhaust gases .may enter the intake manifold which 
has a pressure below atmospheric pressure. When the exhaust valve 
closes, this volume of residual gases may reenter the cylinder. This 
volume m~ be decreased qy decreasing the exhaust pressure in the 
manifold. 
The ratio of intake pressure to exhaust manifold pressure will 
have a great effect on the volumetric efficienc.y. High ratio values 
(1. 75 - 2. 00) will result in high volumetric efficiency. . ~·- the 
loss (in volumetric efficiency) is only 5 or 10 per cent when the 
intake and exhaust manifold pressure are · approximately equal, it 
becomes larger veey rapidly as the ratio of intake to exhaust pressure 
2 
is reduced. n(2) · 
. ( 2 ) Fraas, A. P. , Combustion Engines, McGraw-Hill Book Company, Ine_. , 
p. 342. 
The decrease of back pressure will allow the exhaust gases in 
the cylinder to expand more and thus decrease the weight of the 
residual gases. The weight of the new charge entering the cylinder 
will increase as this weight of residual gases decreases. The volu-
. . 
metric efficiency will be increased as a result of this increased 
weight of the incoming charge. Volumetric efficiene,y is defined as: 
Efficiency (volumetric) = wa / wt 
wa = actual weight of air inducted 
wt = theoretical weight of air to fill piston 
displacement under atmospheric conditions {3) 
(3) Jennings and Ol:lert, International Combustion Engines 1 Inter-
national Textbook Company, p. 133. 
Flame speed through the charge in the cylinder can be increased 
by decreasing the exhaust pressure. The amount of residual gases 
decreases as the exhaust pressure decreases. This decrease in the 
content of residual gases in the compressed charge which is ignited 
in the . cylinder results in the increase in flame speed through the 
charge. This increase in name speed will decrease the combustion 
time and •since mean pressure and efficienc,y increase as ·co•bustion 
time decreases, .(4) a lower brake .specific fuel consumption will 
(4) Taylor and Taylor, The Internal Combustion Engine, International 
Textbook Co., p. 85. 
result. 
The exhaust pressure in the exhaust manifold of an internal 
combustion engine is a product of design and a fUnction of such rae-
. tors as: exhaust valve size, number of degrees before bottom dead · 
center the exhaust valve opens, size of exhaust manifold, size of 
exhaust pipe, the amount of muffling produced by the muffier, number 
of degrees of exhaust valve overlap of diff erent cylinders on multiple 
cylinder engines, the speed at which the engine is operating, and the 
load on the engine. 
The valve size and the point at which the exhaust valve opens 
cannot be changed without extensive work being done on the engine. 
The exhaust manifold can be machined and smOothed to eliminate £riction. 
This lower friction will reduce the back pressure by offering less 
resistance to flow. The muf£lers on truck and automobile engines can 
be altered to decrease the resistance offered to exhaust gas flow 
but alterations are limited b,y law and the resultant amount of objec-
tionable noise produced. 
· The length of the exhaust pipe is fixed by the point to which . 
the exhaust gases must be moved. The size of the exhaust pipe is 
determined by the amount of exhaust gases from the engine. The number 
or degrees of overlap cannot be changed unless the camshaft is changed. 
The operating speed and load are always changing and. are definitely 
dependent on the conditions of operation. 
The application of a Venturi tube to reduce back pressure will 
not require changes in the engine used and may result in increased 




A power unit, mode1 PE-197 was used to ma.lce the test necessary 
for this paper. The unit consist ed of a spark-ignition gasoline 
engine and a four pole alternator •. The engine has ro~ cylinders 
which have a bore of 2.625 inches. The stroke of the engine is 3 
inches. The rated horsepower of the engine is 14 hp at 1800 rpm. 
The four pole 6 • .3 kva alternator of the unit was converted to 
a dynamometer. The stator housing of the alternator was disconnected 
from the mounting :frame of the W1it and mounted on ball bearings. 
This allowed the stator housing to rotate freely. The armature of 
the alternator was then connected to the engine fly 'Jheel. A brake 
arm was then attaohed to the stator housing and the f'ree end of the 
arm placed on a platform scale. The brake horsepower could then be 
calculated from observed data and the following equation: 
T = FL 
21TTN 
BHP = 33000. 
F = force on platform scales, in pounds tare weight · 
L = length of the brake arm in feet 
N = revolutions 
The spark advance of the engine vas set at approximately 250 
bef'ore top dead center at 1800 rpm and vas not changed for the other 
speeds used for the runs made. The adjustment was made by the use 
o:f a Sll&ll neon bul.b attached to the spark plug vire or the number 
one cyliDder and to ground. A protractor was pl.aced so that the 
correct firing position before top dead center could be determined. 
5 
Top dead center was marked on the crank wheel of the engine and its 
position noted when the bulb lighted. 
The carburetor was changed from a fixed orifi.ce type to an 
adjustable flov type b,y removing the fixed jet and installing a 
needle valve. This permitted the operator to change the fuel-air 
ratio to any desired ratio. 
The governor on the engine was disconnected from the throttle. 
A spring was attached to the throttle so that it would remain closed 
unless held open b.Y a screw and wing-nut attached to the throttle. 
The choke was held open b,y a spring but could be closed .for starting 
purposes. 
The fuel was measured b,y the use of a balance type scale to 
which a mercury switch had been attached. This switch was connected 
to an electric clock and a revolution counter. A selsyn motor was 
connected to the end of the armature shaft of the dynamometer and vas 
used to drive another selsyn motor through an electrical connection. 
The second sel~ motor drove a tachometer and the revolution counter. 
The electric switch started the clock and revolutio~ counter and 
stopped them when lt lb. of fuel had been used by the engine. 
The fuel consumption can be calculated b;J ·\he following equation: 
Where 
V(60) = t (60) = --*2... 
wr • t t t 
w r . = fuel consumption, . in pounds per hour 
V ~ wight of fUel in ·pounds 
t = time in minutes 
6 
The brake specific fUel consumption can then be calculated from 
the following equation: 
~ BSFC = BHP lb. per brake horsepower bour 
A Venturi tube was used to decrease the exhaust pressure and 
was designed to have a critical pressure at the throat when the air 
velocity at the inlet was 44 fps. The inlet diameter was determined 
b.r allowing for 10% increase b.1 the exhaust gases to the volume of 
air moving through the Venturi tube. This exhaust gas was intro-
duced to the Venturi tube b,y a lt inch exhaust pipe at the throat 
of the Venturi tube. The volume of the exhaust gases was determined 
at 2000 rpm and was used to calculate the size of the Venttiri tube 
at the inlet. 
Qylinder volume = AbLs 
Ab = area of bore in inches 
18 = length of stroke in inches 
cv = ~ (2.625)2 (3) I (1728) 
4 
cv = o. 00941 rt3 
Total Q = (0.00941) (2) (2000) = 37.64 ·cr.m 
For 1a,; dilution 
Q = 376.4 crm. 
Q = 6.273 cfs 
For V = 44 fps 
A=.Q. 
v 
A = 6.273/44 = 0.1425 rt.2 
7 
A= ~ n2 
D = (4 X 0.1425 )t = 71" o. 426 ft. 
D = 5.11 inches 
The critical pressure at the throat was based on an atmospheric 
pressure at the inlet for 28.5 inches of mercur,y and a temperature 
of 6,..,0 F. 
Pt = 0.53 Pi 
Pt = 0.53(13.93) = 7.39 psia 
Vair = 0.532 At, P1/Ti (5) 
( 5) Faires, V. M., Applied Thermodynamics, The MacMillan Co., p. 177. 
At = area at the throat 
At = 6. 273 < 527 * < o. 0714 > I < o. 532 > (13. 93 > (144 > 
At = o.0096 ft.2 
Dt = (4 x 0. 0096 /7F J~ = 0.1100 ft. 
Dt = 1.33 inches 
., "A 2r:P angle of convergence and a 70 angle of divergenoen(6) 
(6) Vennard, J. K., Elementary Fluid Mechanics, John Wiley and Sons, 
Inc., p. 244 
were used to obtain the side dimensions of the Venturi tube. These 
angles offered .the smallest amount or resistance to flow. 
The venturi tube was placed at the end of a converging square 
box which brought the a_ir from a 2500 efll., radial, 14 inch fan. The 
fan was mounted at the end of rectangular box which was 48 inches 
long, 28 inches high and 30 inches wide. 
8 
A three inch orifice was placed at the entrance to the box. The 
orifice was ueed to measure the volume of air delivered to the Venturi 
tube. A four inoh pipe was used to deliver the air from a three~uarter 
inch compressed air line to the orifice. The air line was allowed to 
disoharge at. atmospheric pressure into this four inch pipe. The 
resultant high velocities produced a ramm1~ng eff'ect which resulted in 
an increase in the volume of air delivered to the orifice over the 
volume of air delivered by the compressed air line. 
The volume of air through tbe orifice was determined b.r the 
following equations 
Q = CA V2 gh 
C = coefficient of discharge 
A. == area of ori:rice in square feet 
h = differential head across the orifice 
in feet of air 
Q = (0.75)( ~ ><2tft-) 
c • . o. 75 (7) 
(7) w. H. Severna. and ·H. E. Degler, Steam, Air, and Gas ·Power, John 
WUe7-and Sons, Inc., P,• 401. 
The d.itferential head at the orl.f'·ice was measured b7, using a 
manometer with water as the fluic;l iD tbe tube. The suction head at 
the throat or the Venturi tube was measured with a U-tul-. .JDanometer 
us:tng water as the fiuid. The pres!ellre at the exhaust --.itold. was 
•asured With a U-'tube manoaeter us~ water as the fiuid. 
9 
Figure 1. Photograph of Tast Equipment 
10 
Figure 2. Photograph of Venturi Tube 
11 
Figure 3 • . · Photograph of Orifice Equipment 
..,....._.._-J0.7z-'' ---,]~---,-- 30f9-'"----------: 
,___ ____ 4f.6 z J 
VENTURI TUBE 
SCALE: f•l" 
DRAWN BY J,J. TRACE 
JULY .13,1951 
MISSOURI SCHOOL OF MINES 





The equipment was checked before each period .of operation. This 
was necessar,y not only for the engine but for the Venturi tube and 
the equipment used to operate the Venturi tube. Although the severe 
vibrations or the engine were dampened in the horizontal and vertical 
directions by the flexible section of exhaust pipe, the axial vibra-
tions were not. These vibrations caused leaks in the Venturi equip-
ment which had to be caulked frequently. 
Each period of operation was usually of four hours duration. 
The first hour of this period was used to secure stable operating con-
ditions of the engine. The engine was run at half load at 1800 rpm 
during this hour. The water temperature reached ·the operating tem-
perature of 1600 F. within the first half hour of running. It was 
necessary to continue the stabilizing for another half hour to obtain 
uniform temperature within the engine. 
When the engine became stabilized, one series of tests was run. 
It ~as necessary to run many series before the data for the ten series 
used for the calculations were obtained. It was only possible to run 
one series of tests during a period of operation because the length 
of time necessary to run a series was usually three . hours. Inaccurate 
data was the result when the unit was operated more than four hours. 
The engine was. allowed to cool for at least six hours before another 
period of operation. 
A series of tests consisted of testing the engine at one speed 
from quarter load to full load. The engine was brought up to speed 
u · 
and loaded to full load b,y using the lamp brullt. Four runs were made 
at full load. Thes e runs were made with the air velocity at the 
· inlet to the Venturi tube at 0, 10, 20, and 25 mph. The throttle 
setting was not changed during any of the four tests. The needle 
valve was adjusted for each air ve~ocity until the engine started 
missing and then was backed off until the missing stopped. The engine 
was then run for five minutes or more to allow the engine to stabilize 
the fuel flow. The load ~as then adjusted until the speed for the 
series was attained. 
The time required to consume one-quarter pound of fuel was then 
found for each of t he f our runs . While this fuel was being burned, 
the engine speed, orifice differential head, pressure at the throat 
of the Venturi tube, pressure at the outlet of the exhaust manifold 
and force on the platform scale were observed and recorded. 
Brake-horsepower and brake specific fuel consumption were calcu-
lated and plotted on a graph as soon as each run was ·completed. Any 
runs that produced data which did not fit with preceding data was 
repeated. 
The load was decreased to a value which was three-fourths of the 
fUll load and the four runs repeated. This was also done for load 
values of one half and one fourth of the full load. · 
The first five series of tests which were completed and used 
for calculations were run at engine speeds of 1800, 1700, 1600, 1500, 
~d 1400 rpm. The engine was not stable at speeds belov 1300 rpm and 
had very high specific fuel consumption at these low speeds . The 
( 
muffler that came with the unit was used during these five series . 
15 
The last five series were identical to the first five except that a 
Dodge muffler was att ached to the end of the regular muffler to increase 
the exhaust manifold pressure. 
The fuei tank was filled after each period of operation. This 
was found to produce better operations during the next period than 
filling just before beginning the operation. 
PART IV 
DISCUSSION OF CURVES AND DATA 
16 
The reduction of the back pressure when the r~gulation muffler · 
is used shows· two distinct results. 
First, the tests at engine speeds of 1400, 1500, and 1600 rpm 
show that during operation at low back pressures the reduction of the 
back pressure is detrimental to the operation. When the back pressure 
is reduced below atmospheric, some of the rresh charge entering the 
cylinders would be carried through exhaust valves and wasted. This 
would account for the larger detrimental effect of reduction at small 
loads compared to large loads. The specific fuel consumption was 
increased in all cases at low speeds. 
Second, the larger loads resulted in positive exhaust manifold 
pressures but the reduction was also detrimental. The increase of 
brake specific consumption for these larger loads is a result of 
increasing the fuel-air ratio to overcome the rough operation of the 
engine when the exhaust pressure was reduced. 
The detrimental e ffect of reduced back pressure became less When 
the engine was tested at speeds of 1700 and 1800 rpm. · The increase 
in fuel consumption resulted from an increase of the fuel-air ratio 
to overcome rough running. The rough running was not as pronounced 
at these speeds as it vas for the lower speeds. 
The test~ at 1400 rpm ~th the Dodge muffler attached sho~ that 
there is very lit~: le effect on the engine When the exhaust manifold 
pressure is reduced. The pressures ror this speed are not much greater 
than during the operation at 1800 rpm with the regulation muffler 
17 
attached. The reduction is detrimental because of increased ruel-air 
ratio. 
The tests at 1500 rpm show that when the exhaust manirold pres-
sure becomes excessive reduction is advantageous. These tests also 
show that the reduction may be too great and the point of optimum 
operation exceeded. The epecific fuel consumption thus shows a decrease 
and then an increase as the exhaust manifold pressure is reduced. 
The reduction of exhaust pressure for the engine speeds o£ 1600 
and 170'J rpm at full load, three-quarter and half load improves the 
specific fUel consumption and increases the brake horsepower developed. 
The .specific fUel consumption and brake horsepower decrease when the 
e.xhaust pr~ssure is reduced during the one-fourth load tests. The 
roughness of operation required an increase of the tuel-air ratio vhich 
decreased the specific fUel consumption. 
The exhaust manifold pressures at 1800 rpm for full ·load and 
three-fourths load were excessive. The excessive exhaust manifold 
pressures probab~ forced the exhaust ga'es into the intake manifo1d 
when the intake valve opened. 
be increased in the cylinder. 
The pe~rcentage of residual gases would 
All reductions of the exhaust manifold 
pressure increased the specific f'u.el conslllD.ption and the brake horse-
power. Beducing the exhaust manifold pressure would reduce the per-
centage of residual gases and increas• the vol11111etric efficiency and 
flame speed. . 
Half load and one-fourth load tests have exhaust manifold pres-
sures large enough that any reduction increases '-the specific fuel 
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TABLE I 
Data for 1400 RPM With Regulation MUffler 
Run No. 115 119 117 118 120 121 122 123 
MPH 0 10 20 25 0 10 20 25 
Weight on 
Scale, Pounde 50.4 49.8 50.0 49.7 45.0 44.9 44.9 44.9 
Manometer 
Orifice In. H2o 0.05 0.7 2.73 4.3 0.03 0.7 2.73 4.3 
~nometer 
(Vent.) In. H20 1.2 2.4 4.9 6.5 0.5 1.6 4.3 5.4 
Manometer 
(Ex.Ma.n.) In. H20 +6.4 +5.5 +3.1 +1.4 +).9 +2.5 -0.2 -2.1 
Revolutions 4893• 498.3 4921 4721 6219 60C17 5956 5749 
RPM 1.390 L.398 1400 1410 1395 1.393 1400 1390 
Time in 
Minutes 3.525 3.562 3.515 3.348 4.460 4.316 4.257 4.1.34 
Force in 
Pounds 15.2 14.6 14.8 14.5 9.8 9.7 9.7 9.7 
Brfl]te 
Horsepowr 6.35 6.14 6.24 6.16 4.11 4.06 4.08 4.06 
Brake Specif'ie 
Fuel Consumption .671 0.685 0.685 0.72_8 0.819 0.856 0.863 0.891 
Tare Weight • .35. 2 pounds 
20 
TABLE II 
Data for 1400 RPM With Regulation MUffler 
Run No. 124 125 126 127 
MPH 0 10 20 25 
Weight on 
Scale, Pounds 40.7 41.0 41.2 41·.2 
Manometer 
Orif'ice In. H2o 0.02 0.7 2.73 4.3 
Msllometer 
(Vent.) In. H2o 0.15 1.05 3.4 5.8 
Manometer 
(~. }lf.an. ) In. H20 +2 • .3 +o.9 -2.2 . -3.7 
Revolutions 8701 8619 8020 7929 
RPM 1402 1395 14~ 1405 
Tine in 
Min'Jlte8 6.210 6.179 5.718 5.649 
Force in 
Polmds 5.5 5.8 6.0 6.0 
Br.,U 
Horsep()wer 2.321 2.43 2.53 2.54 
Brake Specific 
Fuel Consumption 1.040 1.000 1.039 1.045 




Data for 1500 RPM With Regulation Muffler 
Run No. 149 150 151 152 153 154 155 156 
MPH 0 10 20 25 0 10 20 25 
Weight on 
Scale, Pounds 51.8 51.2 51.3 51.3 47.1 47.1 46.8 46.4 
Manometer 
Orif"ice In. H20 0. 05 0.7 2.73 4.3 0.05 0.7 2.73 4.3 
Manometer 
(Vent.} In. H2o 1.6 2.2 4.4 5.7 0.8 1.6 3.8 5.1 
Manometer 
(Ex. Man. ) In. H2o +9.2 +7.7 +s.6 +4.3 +5.4 +4.3 +2.4 +0.8 
Revolutions 4212 4301 4227 4.305 567.3 5557 5441 5471 
RPM 1498 1505 1485 1500 1490 1492 1500 1495 
Time in 
Minutes 2.828 2.865 2.843 2.870 3.81.3 3.730 3.629 3.662 
Force in 
Pounds 16.6 16.0 16.1 16.1 11.9 11.9 11.6 11.2 
Brake 
Ho;rsepower 7.44 7.26 7.20 7.27 5.3.3 5 • .34 5.24 5.04 
Brake Specific 
Fuel Consumption 0.715 0.724 0.7.3.3 0.721 0.739 0.754 0.789 0.811 
Tare Weight = 35.2 pounds 
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TABLE IV 
Data for 1500 RPM With Regulation Muffler 
Run No. 157 158 l59 160 102 103 105 106 
MPH 0 10 20 25 0 10 25 20 
Weight on 
Scale, Pounds 41 . 8 41. 9 42. 0 42. 0 40. 4 40. 4 40. 3 40. 4 
Manometer 
Orifice In. H20 0.03 0. 7 2. 73 4. 3 0. 03 0. 7 4.3 2.73 
Manometer 
(Vent.) In. H20 0. 5 1. 3 4.1 5.7 0. 4 1.4 5. 8 4.0 
Manometer 
(Ex.Man.) _In. H20 +2. 5 +1.5 -1.0 -2.6 ·+2.2 +0.8 -3.6 -1.9 
Revolutions 7791 7562 7445 739.3 5982 5975 5961 5961. 
RPM 1496 1496 1495 1493 1490 1495 . 1495 1493 
Time in 
Minutes 5.216 5. 054 4.986 4.953 4.012 3. 994 3. 984 3.994 
Force in 
Pounds 6. 6 6.7 6. 8 6.8 5. 2 5.2 5.1 5.2 
Brake 
Horsepower 2. 97 .3.01 .3. 055 .3. 05 2.33 2.32 2. 295 2. 33 
Brake Speci. fie 
Fuel Consumption 0.96e 0. 985 0. 986 0.991 1. 601. 1.618 1.640 1. 610 
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Data for 1600 RPM With Regulation Muffler 
Run No. 66 63 "64 67 68 69 70 71 
MPH 0 10 / 20 25 0 10 20 25 
Weight on 
Seale, Pounds 5).8 53.8 54.2 53.8 49.4 49.4 49.2 49.1 
Manometer 
Orifice In. H20 o.05 0.7 2.73 4.3 0.05 0.70 2.73 4.3 
Manometer 
(Vent.) In. H20 1.65 2.4 4.5 5.7 1.1 2.05 · 4.3 5.6 
Marlometer 
{Ex.¥.a.n. ) _In. H20 ~1.3 +10.6 . +8.4 +'7.2 +'7.9 +6.7 +4.9 +J.9 
Revolutions 2396 2406 2432 2388 3196 3194 3168 3165 
RPM 1615 l606 1625 1615 1595 1595 1595 1595 
Time in 
Minutes 1.481 1.496 1.496 1.479 2.005 2.003 1.984 1.984 
Force in 
Pounds 18.6 18.6 19.0 18.6 14.2 14.2 14.0 13.9 
Brake 
Horsepower 9.CY7 9.01 9.30 9.05 6.82 6.81 6.74 6.68 
Brake Specific 
Fuel Consumption 1.120 1.111 0.9.34 1.120 1.100 1.099 1.12 1.13 
Tare Weight ~ 35.2 pounds 
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'r.ABLE VI 
Data for 1600 RPM With Regulation Muffler 
Blm lfo. 72 7.3 74 75 78 79 80 82 
MPH 0 10 20 25 0 10 20 25 
Weight on I 
~~e, Pounds 44.6 44~ ·5 44.5 44.6 40.5 40.3 40.2 40.4 
Manometer 
. Gritice In. H2o 0.03 0.7 2.7.3 4.3 0.03 0.7 2.7.3 4.4 
. Manonaeter 
(Vent.} In. H2o 0.55 1.5 3.5 5.2 0.4 1.4 4.8 5.2 
Mallometer 
(h. Man. ) In. H20 -+4. 5 +3.6 +1.4 +o.j +2.3 +1.1 -1.4 -3.2 
118..-elutioDS 3878 3955 3909 3912 5185 5210 5236 5226 
·RPM 1595 1590 1595 1598 1610 1630 1.617 1617 
Time in 
Minutes 2.4.31 2.484 2.448 2.465 3.218 3.194 3.238 3.236 
!PQ:ree in 
POUDda ll.4 11.3 11 • .3 11.4 5.3 5.1 5.0 5.2 
B;rake 
Rorse))Ower 5.47 5.41 5.43 5.48 2.57 2.50 2.435 2.335 
Brake Spe·cific 
FUel Oouumption 1.1.30 1.118 1.1.30 1.120 1.821 1.876 1.905 1.985 
Tare Weight .= 35.2 pounds 
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Data for 1700 RPM With Regulation MUffler 
Run No • . 40 41 42 4.3 44 47 49 4B 
MPH 0 10 20 25 0 10 20 25 
Weight on 
49. 6 S~e, Pounds 5.3 . 4 5.3'.4 53 . 0 53 .4 49. 6 49. 3 49. 5 
Manometer 
Orifice In. H2o 0. 05 0. 7 2. 73 4 • .3 0. 05 0. 7 2. 7.3 4. 3 
Manometer 
(Vent. ) In. a2o 1. 5 2. 2 4. 5 6. 2 1. 05 2. 0 4 . 2 5. 3 
Manometer 
(Ex.Man. ) In. H20 +13 . 5 +12. 7 +ll. 2 +10. 4 +9. 2 +8. 5 -t6. 8 +5 . 5 
Revolutions 4188 .3984 4325 4109 46.35 4655 4817 4795 
RPM 1705 1710 1710 1705 1698 1700 1699 1705 
Time in 
Minutes 2. 459 2 • .3.32 2. 529 2. 411 2. 728 2. 742 2. 837 2. 814 
Foree in 
Pounds 18. 2 18. 2 17. 8 18. 2 14. 4 14. 1 14.3 14.4 
Srake 
Horsepower 9 • .33 9 • .37 9.17 9 • .34 7 • .35 7.21 7 • .31 7 • .39 
Brake Speat f'ic 
Fuel Consumption 0. 654 o. 6S6 0. 648 0. 667 0. 749 0. 7.39 0.724 0. 721 
Tare Weight = .35. 2 pounds 
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~rABLE VIII 
Data for 1700 RPM With Regulation Muffler 
Run No. 50 51 52 53 58 59 60 61 
MPH 0 10 20 25 0 10 20 25 
Weight on 
Scale, Pounds 44.6 44.9 44.9 44.7 39.8 39.5 39 • .3 39.2 
Manometer 
Orifice In. H2o 0.05 0.7 2. 7.3 4.3 0.0.3 0.7 2.7.3 4.3 
Manometer 
(Vent.) In. HO 
2 0.7 1.7 4.1 5.6 0.4 1.4 4.6 6.9 
Manometer 
(Ex.Man.) In. H20 +5.2 +4.2 +2.4 +1.0 +2.8 +1.8 -0.6 -1.9 
· Revolutions 5990 5931 5905 5910 8.39.3 8.390 8.351 8ff76 
RPM 1720 1697 1710 1703 1700 . 1700 1699 1733 
Time in 
Minutes 3.482 3.497 3.459 3.468 4.9.32 4.936 4.922 4.666 
Force in 
Pounds 9.4 9.7 9.7 9.5 4.6 4.3 4 • .3 4.0 
Brake 
Horsepower 4.86 4.95 4.98 4.86 2.35 2.2 2.197 2.080 
Brake Speci:fie 
Fuel Consumption 0.886 0.865 0.870 0.890 1.29.3 1.380 1.388 1.548 . 
Tare Weight = .35. 2 pounds 
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Data for 1800 RPM With Regulation MUffler 
Run No. 139 140 '141 143 135 136 137 138 
MPH 0 10 20 25 0 10 20 25 
Weight on 
51.2 51.3 Scale, Pounds 51.1 51.3 48.0 47.7 47.7 47.4 
Hanometer 
Orifice In. H2o 0.05 0.7 2.73 4.3 0.05 0.7 2.73 4.3 
.tvf..anometer 
(Vent.) In. H20 1.0 1.7 3.5 4.7 o.s 1.5 3.3 4.8 
Manometer 
(Ex. Man.) · In. H20 +12.7 +11.8 +10.2 +9.1 +9.4 +8.6 +6.4 +5.4 . 
Revolutions 5127 4959 4956 4923 5636 5699 5497 5490 
RPM 1802 1805 1811 1811 1800 1805 1804 1809 
Time in 
Minutes 2.841 2.748 2.737 2.710 3.131 3.154 3.045 3.037 
Force in 
Pounds 16.0 16.1 15.9 16.1 12.8 12.5 12.5 12.2 
Brake 
Horsepower 8.69. 8.75 8.69 8.79 6.94 6.84 6.79 6.65 
Brake Specific 
Fuel Consumption 0.608 0.624 0.631 0.630 0.691 0.700 0.726 0.744 
~ ' ... ~ 
Tare Weight = 35.2 pounds 
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TABLE X 
Data for 1800 RPM With Regulation MUffl er 
Run No. 144 145 146 147 134 131 132 133 
MPH 0 10 20 25 0 1() 20 25 
Weight on 
Scale, Pounds 4.3.6 4.3.6 4.3.6 4.3.9 41.8 41.8 41.3 41.0 
Manometer 
Orifice In. H20 0.05 0.7 2.73 4.3 0.03 0.7 2.73 4.3 
Manometer 
(Vent.) In. H2o 0.5 1 • .3 3.4 4.8 0.5 1.5 3 • .3 4. 8 
Manometer 
(Ex.~~.) _I n . H20 +5.6 +4.4 +2.0 . +o.s +4.0 +2.6 +0.4 -1.0 
Revolutions 6820 6704 6597 6562 7586 7682 760.3 7266 
RPM 1800 1801 1804 1809 1801 1795 1802 1805 
Time in 
Minutes .3.784 .3.720 3.657 3.630 4.221 4.274 4.233 4.022 
Force in 
Pounds 8.4 8.4 8.4 8.7 6.6 6.6 6.1 5.8 
Brake 
Horsepower 4.55 4.56 4.56 4.73 .3.58 3.565 3.31 3.315 
Brake Specific 
Fuel Consumption 0.871 ').885 0.900 0.875 0.991 0.984 1.fl'l3 1.150 
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TABLE XI 
Data for 1400 RPM With Dodge Mnff1er 
Run No. 233 234 235 236 237 2.38 239 240 
MPH 0 10 20 25 0 10 20 25 
Weight on 
46.6 Seale, Pounds 50.9 50 .. 9 50.8 51.0 46.6 46.6 46.6 
Manometer 
Orifice In. H2o 0.03 0.7 2.7.3 4.3 0.02 0.7 2.73 4 • .3 
Manometer 
(Vent.) In. H20 J.25 1.0 3.0 4.4 :'1.25 1.2 4.1 5.6 
Manometer {Ex.Man. ) In. H20 +10.0 +9.7 +8.6 +8.4 +5.8 +5.1 +J.3 +2.6 
Revolutions 3640 3693 3647 3638 4436 4409 4400 4376 
RPM 1401 1405 1410 1400 1402 1401 1400 1.395 
Time in 
Minutes 2.600 2.627 2.586 2.599 3.165 3.145 3.143 3.119 
Faroe in 
Pollllds 15.7 15.7 15.6 15.8 11.4 . 11.4 11.4 11.4 
Brake 
Horsepc>wer 6.625 6.640 6.630 6.660 4.82 4.81 4.805 4.790 
Brake Speci:fi c 
Fuel Consumption 0.871 0.861 0.875 0.866 0.984 0.991 0.991 1.027 
Tare Weight = 3 5. 2 pounds · 
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TABLE XII 
Data ror 1400 RPM Vi th Dodge lmffler 
Run No. 241 242 ·243 244 -245 246 247 248 
MPH · 0 10 20 25 0 10 20 25 
Weight on 
Scale, Pounds 42.6 4R..6 42.6 42.6 40.0 40.0 40.0 40.0 
Manometer 
Orifice In. H2o -0.2 0.7 2.73 4.3 0.03 0.7 2.73 4.3 
Manometer 
(Vent.) In. H20 0.3 1.6 4.6 6.7 0.4 1.7 5.1 7.1 
Marlometer 
(Ex. Man. ) In. H20 +3.25 +'2.7 +1.0 o.o +2.5 +1.6 -0.5 -1.6 
Revoluticms 5866 5983 5916 5891 6522 6.323 6370 637i 
RPM. 1.395 . 1.397 1405 1403 1408 1404 1405 1405 
Time in 
Minutes 4.205 4.284 . 4.~204 4.201 4.6.37 4.510 4• 5.37 4.5.31 
Force in 
Pounds 7.4 7.4 7.4 7.4 4.8 4.8 4.8 4.8 
Brake 
Horsepower .3.11 .3.11 .3.125 3.123 2.03 2.025 2.030 2.030 
Brake Specific 
Fuel Consumption 1.148 1.125 1.141 1.142 1.593 1.642 1.630 1.631 
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TABLE XIII 
Data :ror 1500 RPM With Dodge l-1uffler 
Run No. 229 230 231 232 223 224 225 226 
11PH 0 10 20 25 0 10 20 25 
Weight on 
46.8 Scale, Pounds 50.4 50.8 50.8 50.9 46.7 46~8 47.1 
Manometer 




0 0.3 1.1 3.2 4.8 0.3 . 1.3 4.1 5.2 
ll"lB.Ilometer 
(Ex. Man. ) _In. H 0 +11.5 +11.1 +10.1 +9.8 -+6.3 +5.4 +3.7 +3.2 . 
2 
Revolutions 3897 3840 3885 3855 4792 4868 4860 4740 
RPM 1510 1502 1510 1502 1504 1505 1510 1505 
Time iri 
Minutes 2.599 2.556 2.572 2.565 3.192 3.235 3.219 3.148 
Force in 
Pounds 15.2 15.6 15.6 15.7 11.5 11.6 11.6 ll.9 
Brake 
Horsepower 6.90 7.04 7.00 ?.ll 5.20 5.260 5.270 5.380 
Brake Speoi:ric 
Fuel Consumption 0.844 0.836 0.821 0.821 0.904 0.881 0.883 0.885 
Tare ~ight . = 35.2 pounds 
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TABLE XIV 
Data ~or 1500 RPM With Dodge MUffler 
Run No. 218 219 .22'J 221 214 215 216 217 
HPH 0 10 20 25 0 10 20 25 
1tleight on 
S~ale, Pounds 43.9 44.0 44.1 44.3 39.9 39.9 40.0 40.1 
Manometer 
Orifice In. H20 0.03 :J.7 2.73 4.3 0.02 ).7 2.73 4.3 
Hanometer 
(Vent. ) In. H20 0.3 1.4 4.1 5.2 0.3 1.5 4.6 6.4 
Nanometer 
(Ex. Han. ) In. H 0 
2 
+J.5 +2.8 +1.1 +0.1 +2.0 +0.9 -1.2 -2.4 
Revolutions 5507 5417 5316 5330 6956 7457 7538 7374 
RPM 1500 1508 1502 1503 1510 1512 1510 1512 
Ti..l1le in 
Minutes 3.675 3.593 3.577 3.552 4.610 4.930 4.991 4.875 
Force in 
Pounds 8.7 s.s 8.9 9.1 4.7 4.7 4.8 4.9 
Brake 
Horsepower 3.93 3.995 4.022 4.115 2.135 2.140 2.18 2.23 
Brake Speci~ic 
Fuel Consumption 1.04 1.045 1.043 1.028 1.525 1.422 1.380 1.380 
Tare Weight = 35.2 pounds 




















Data for 1600 R.Pl'1 \rli th Dodge Muffler 
Run No. 21J 211 212 213 209 206 2CY7 208 
MPH 0 10 20 25 ') 10 20 25 
1-Jeight on 




0 0.04 1.7 2.73 4 • .3 o. 0.3 ·'). 7 2.7.3 4 • .3 
Manometer 
(Vent.) In. H...,O 
t::.. 
1.3 0.7 2.5 2.8 ·] • .3 0.8 2.5 3.8 
l!;anometer 
(Ex.Man.) In. H20 +11 +l:J. 5 +lJ.O +9.5 +6.3 +6.1 +4.6 +J.9 
Revolutions 3940 3938 3949 3962 5737 5632 5707 5742 
RPM 1598 1600 1602 1601 1600 1605 1611 1608 
Time in 
Minutes 2.463 2.462 2.467 2.478 3.567 3.506 3.541 3.575 
Force in 
Pounds 15.6 15.7 15.7 15.7 10.7 11.8 10.8 10.8 
Brake 
Horsepower 7.51 7.56 7.57 7.56 5.18 5.22 5.24 5.23 
Brake Specific 
Fuel Consumption 0.811 0.806 0.803 0.801 0.813 0.820 0.809 0.802 
Tare Weight = 35.2 pounds 
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TABLE XVI 
Data for 1600 RPM With Dodge Muffler 
Run No. 199 200 201 204 197 198 195 196 
MPH 0 10 20 25 0 10 20 25 
Weight on 
Scale, Pounds 42.9 43.0 43.0 43.1 38.8 38.8 38.9 38.9 
Manometer 
Orifice In. H2o 0.01 0.7 2.73 4.3 0.01 0.7 2.73 4.3 
Manometer 
(Vent.) In. H 0 
2 . 0.25 0.9 3.1 4.5 0.20 1.0 3.7 5.2 
Manometer 
(Ex. Man. ) In. H20 +3.8 +3.5 +2.1 . +1.0 +1.9 +1.3 -0.6 . -1.2 
Revolutions 7050 7093 7169 7118 9610 9511 9354 9583 
RPM 1605 1607 1611 1604 1597 1602 1606 1602 
Time in 
Minutes 4.392 4.4(11 4.439 4.439 6.012 5.9.36 5.821 5.979 
Force in 
Pounds 7.7 7.8 7.8 7.9 3.6 3.6 3.7 3.7 
Brake 
Horsepower 3.72 3.77 3.79 3.81 1.73 1.735 1.79 1.785 
Brake Specific 
Fuel Consumption 0.944 0.901 0.891 0.886 1.442 1.457 1.440 1.405 







Data for 1700 RPM With Dodge MUffler 
Run No. lTl 178 179 180 181 182 183 184 
MPH 0 10 io 25 0 10 20 25 
Weight on 
Scale, Pounds 51.7 51.7 51.9 51.9 47.5 47.4 47.5 47.5 
Manometer 
Orifice In. H20 o.oJ 'J.7 2.73 4.3 0.03 0.7 2.73 4.3 
Manometer 
(Vent.) In. H20 0.3 0.9 2.4 3.6 0.3 0.8 ·2.6 3.6 
Manometer 
(Ex. Man. ) In. ·H 0 2 +u.s +14.3 +13.6 +13.1 +8.8 -tS.6 +'7.6 i?.1 
Revolutions 3402 3480 3519 3486 5026 5024 5029 5026 
RPM 1699 1710 1704 1700 1700 1695 1703 170.3 
Time in 
Minutes 2.44 2.036 2.~7 2.050 2.958 2.962 2.955 2.956 
Force in 
Pounds 16.5 16.5 16.7 16.7 12.3 12.2 12.3 12.3 
Brake 
Horsepower 8.44 8.50 8.55 8.55 6.28 6.23 6.31 6.31 
Brake Specif"ic 
Fuel Consumption 0.886 0.867 0.850 0.855 0.810 0.814 0.850 0.804 
Tare Weight = 35.2 pounds 
44 
TABLE XVIII 
Data for 1700 RPM Vi th Dodge Muf'fier 
Run No. 185 186 18,7 188 189 190 191 192 
MPH 0 10 ?O 25 0 10 20 25 
'Weight on 
So ale, Pounds 43.5 43.5 43.3 43.3 40.0 39.8 39.8 39.6 
Manometer 
Orifice In. H 0 
. 2 0.03 0.7 2.73 4.3 0.02 0.7 .2.73 4.3 
Ha.nometer 
(Vent. ) In. H 0 2 0.3 1.0 3.5 4.3 0.2 1.1 3.6 4.8 
Manometer 
(Ex.Ma.n.) In. H20 +4.9 . +4.7 +3.6 +2.3 +2.8 +2.4 +o.7 -0.5 
Revoi utions 6071 6292 64CYJ 6402 7460 7557 7781 7733 
RPM 1690 1695 1693 1700 1694 1701 1701 1702 
Time in 
Minutes 3.591 3.710 3.790 3.772 4.410 4.448 4.568 4.539 
Force in 
Pounds 8.3 8.3 8.1 8.1 4.8 4.6 4.6 4.4 
Brake 
Horsepower 4.22 4.23 4.125 4.14 2.445 2.355 2.355 2 •. 250 
Brake Specific 
Fuel Consumption 0.990 0.960 0.960 0.959 1.390 1.435 1.395 1.469 




Data for 1800 RPM With Dodge Muffler 
Run No. 161 162 163 .164 165 166 167 168 
MPH 0 10 20 25 0 10 20 25 
Weight on 
Scale, Pounds 49.5 49.8 49.9 49.9 45.5 45.4 45.4 45.4 
Manometer 
Orifice In. H20 0.03 0.7 2.73 4.3 0.02 0.7 2.73 4.3 
Manometer. 
(Vent.) In. H20 0.3 0.6 1.7 2.5 0.3 0.7 2.1 2.7 . 
Manometer 
(Ex.Man.) In. H2o +14.2 +14.0 +13.1 +12.3 +8.2 +?.7 +6.6 +6.2 
Revolutions 3780 3856 3899 3907 5199 5353 5390 5380 
RPM 1802 1810 ~809 1811 1800 1800 1814 1810 
Time in 
Minutes 2.095 2.130 2.157 2.159 2.887 2.962 2.Cffl 2.976 
Force in 
Pounds 14.3 14.6 14.7 14.7 10.3 10.2 10.2 10.2 
Brake 
Horsepower 7.76 7.95 8.00 8.02 5.58 5.56 5.57 5.56 
Brake Specific 
Fuel Consumption 0.924 0.886 0.870 0.856 0.931 0.910 0.905 0.905 
Tare Weight = .35.2 pounds 
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TABLE XX 
Data for 1800 RPM With Dodge Muffler 
Run No. 169 170 171 172 173 174 175 176 
HPH 0 10 20 25 0 10 20 25 
Weight on 
Scale, Pounds 42.0 42.1 42.1 42.1 39.2 39.3 39.3 39.4 
Hanometer 
Orifice In. H 0 2 0.02 0.7 2. 73 4.3 0.02 0.7 2.73 4.3 
Manometer 
(Vent.) In. H 0 2 0.3 0.7 2.2 3.3 0.3 0.8 2.3 3.6 
Manometer 
(Ex. f,1an. ) In. H 0 2 +4.9 +4. 5 +3.3 +2.3 +3.2 +2.6 +o.8 ... 0.3 
Revolutions 6490 6472 6495 6475 7464 7353 7366 7302 
RPM 1803 1802 1802 1800 1810 1800 1811 1811 
Time in 
. Minutes 3.600 3.598 3.602 3.598 4.133 4.082 4.064 4.033 
Force in 
Pounds 6.8 6.9 6.9 6.9 4.0 4.1 4.1 4.2 
. Brake 
Horsepower 3.69 3.74 3. 745 3.74 2.18 2.225 2.237 2.2900 
Brake Specific 
Fuel Consumption 1.1.3 1.115 1.110 1.115 1.665 1.650 1.650 1.623 




When an engine is operating with low designed back pressures, 
reduction of exhaust ·manifold results in rough operation and increased 
specific fuel consumption. Reduction of the higher designed back 
pressures may result in better specifi~ fuel consumption. 
Conditions of operation which result in excessive exhaust manifold 
pressures may be improved and decrease the specific fuel consumption 
and increase the brake horsepower developed. 
Tests with a smaller inlet diameter of the Venturi tube should 
be made. This would result in lower reduction of the exhaust mani-
fold pressures at the air speeds used and would allow higher air 
speeds to be .used. 
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